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EFFECTS OF LAND CLEARING ON BORDERINC WINTER ANNUAL
POPULATIONS IN THE MOHAVE DESERT
Richard Hunter', F. B. Turner', R. G. Lindberg',
and Katharine Bell Hunter'

Abstract

—Construction of

a l()-M\Ve solar

thermal power plant

Daggett, California, involved clearing and
as a reduced density of annual
plants within 100
downwind of the edge of the cleared area. Schi.smus arahicus populations recovered within four
years, hut Erodium cictitariuin populations did not. The effects appeared to be related more to an interaction of
seed-dispersal mechanisms with the large, open space than to the obvious sand movement and deposition associated
with the clearing operations.
in

leveling 53 ha of desert land. Transient oftsite effects of this construction

were apparent

m

The

solar thermal

completed

power plant

(Solar

I)

1983 at Daggett, California, is
the first of a type which could eventually cover
large areas of the southwestern United States.
It

in

consists of a field of mirrors (heliostats) that

focus sunlight on a collector atop a tower, the

heat being used to generate electricity. Such
plants, requiring neither transported

power

fuels nor emission of fuel residues, obviate

many of the environmental

effects

expected of

We

nuclear and fossil-fueled plants.
studied
the desert biota in the vicinity of Solar I in a
search for potentially detrimental environ-

Winter annuals, which are
around the site and whose growth
is closely related to environmental conditions,
were moderately affected during the conmental

effects.

ubic}uitous

struction phase.

Native

Mohave Desert winter annuals

pro-

duce impressive displays of wildflowers at
five- to ten-year intervals (Went 1949). There
are

now a number of introduced Eurasian spe-

every year in relatively
high densities. These introduced species are
the main subject of this paper.

2 km S of the site. Rainfall was divided evenly
between winter storms and summer thunder-

showers

(NOAA

1977). Daily average

temper-

atures during the spring growing season

were

roughly 8 (minimum) and 24 C (maximum).
Winter annuals germinated between December and March and died in late April or early
May between 1978 and 1983.

The bed of the Mohave River forms the
northern boundary of the Coolwater site. The
river rarely flows, and wind has deposited
sand from its bed on the site. Soils are therefore sands at the surface, but lenses of silt and
hillocks of clay have been bared by human
disturbance.

Perennial vegetation at the site was rein 1953 in anticipation of farming operations. The land was never farmed, however,
due to a shortage of water (Robert Speth,

moved

personal communication). A population of the
shrub Atriplex pohjcarpa dominated the site
prior to the start of construction.

cies present nearly

T\BLE

1.

Changes

sides of shrubs.

Distance from

Study Site
Solar I was constructed on land adjacent to
the Southern California Edison Coolwater
power plant at Daggett, California. It lies at an

elevation of 590 m,

lat. 34°53'N and long.
116°47'W. Annual rainfoll averaged 92
between 1951 and 1974 at the Daggett airport

mm

in

heights of sand

mounds on

the lee
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2.

Wind

ablation or

dune

giowtli as

measured

liy

changes

in

surface level
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downwind

of the heliostat field

during spring 1982.
Distance from perimeter fence (m)

Date
22 Feb-23 Apr
23 Apr-16 Jun
16Juii-10Jul

22Feb-10Jul

40

m

80

111

mm

mm

-3.3
-1,8

-3.4

+ 2.2
-2.9±1.4='

+ 1.4
+ 1.1
0.9±1.3

130

m

mm

200

m

mm
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4.

Effects of niouiuls

in 1982.

ami distante from

tlie

perimeter fence on density,
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size,

and productivity

oi Scliisnitis

.
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'

.4

Fig 1. Plant populations on sand mounds downwind of the cleared heliostat
polycarpa and the grass is Schismiis arabiciis

Schismus density was reduced with respect
1982 (Table 4). During
the 1981 harvest few Schismus in Daggett had
flowers or fruit. We found 98% prereproductive mortality in another Mohave Desert
Schismus population that year (unpublished
data). Hence, we may presume 1982 populations were derived primarily from seeds produced in 1980 and earlier. Photographic evidence from 1980 (Fig. 1) suggests burial by
sand affected density of Schismus on mounds,
but increased plant size may have compensated and resulted in near normal seed proto control areas only in

duction (Table

4, Fig. 1).

Seed burial by sand is not a satisfactory
explanation for the reduced 1982 densities,
since the density reduction occurred both on
and off the sand mounds (Table 4). Invocation
of Occam's razor suggests we look for an alternative hypothesis.
Another potential mechanism for low plant
density was net immigration. Data in Tables 3

April 1980. Shrubs are Atriplex

field,

and 5 suggest that the large majority of seeds
deposited on the heliostat field came from off
the field. Seeds trapped per mg of plant were
3 to 8 on the heliostat field, 0.37 in the control
area, and only 0.26 40 m east of the fence.
Furthermore, the "chaflP (Table 5) can be
"

considered an indicator of seeds moving onto
the heliostat field. The proportions of chaff
and naked seed found strongly suggest that
Schismus dispersed greater distances near the
heliostat field (40 m east) than in the control
area (200

dence

m

east).

There
open

is,

therefore, evi-

could act as a
seed sink and that sand deposition was not a
sufficient explanation for reduced densities.
For Schismus the rapidity of population recovery can be reasonably explained by the
obviously effective dispersal demonstrated in
1983 (Table 5) coupled with good seed production in 1982.
Erodium cicutarium behaved somewhat
diflferentlv. It became locallv extinct near the
that the large

,

field
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by 1982 and did not recover in
1983 (Table 3). We have fewer data on
Erodiiim than on Schismiis. In 1980, at
100-200 m from the heliostat field, essentially
all Erodium fruited, while in 1981 roughly half
had flowers or fruit at harvest (data not presented). In addition, in 1981 insects cut off

heliostat field

many Erodium tap roots just below ground
level, and ant mounds were seen with many
Erodium seeds surrounding the holes. The
local extinction, therefore, may be an interaction of several biotic

Failure o(

and abiotic

As disturbance becomes more frequent

the desert,

weedy
(like

we may

well unwittingly favor

species with good dispersing abilities

Schismus and Salsola

)

at

the expense of

the natives, which are unusually lacking in

obvious dispersal mechanisms (Ellner and

Shmida 1981).
This work was supported by the U.S. Department

of

Energv,

Contract

No.

DE-

AM03-76-SF00012.'
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